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ABSTRACT 

This report presents results from wind tunnel test (IA71) on the 
0.004-scale orbiter, external tank, and solid rocket boosters combined 
as an integrated vehicle (models 77-0, 74-TS and 74-OTS) in the MSFC 
Trisonic Wind Tunnel at Mach numbers from 0.6 to 2.0. ^ 

The primary test objective was to determine the effectiveness of I 

1 

several methods in relieving the Orbiter wing bending and torsion loads | 

I 

and moments during launch. Effects of several midwing spoilers, termed | 

I 

flipper doors, and Orbiter /ET incidence were investigated. | 
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NOMENCLATURE 


Symbol 

Plot 

Symbol 

Definition 



2 

tank base area, in. 

X 


orbiter base area, in.^ 



2 

SRB base area, in. 

^ref 

BREF 

reference span, in. 


c 


mean aerodynamic chord, in. 



center of gravity 

CABg 

CABE 

tank base axial force coefficient, 
-CPBp Ab^/Sygf 

CABq 

CABO 

orbiter base axial force component 
coefficient, -CPBq 

CAgp 

CABF 

body flap axial force coefficient, 
-CPBBF sin 6 ^^ S^f . Note that 

CABF = 0 for undeflected body flap 

CABs 

CABS 

SRB base axial force coefficient, 

-CPBs 


CAP 

forebody axial force coefficient, 
CA - CABO - CABS - CABE 

c,\ 

CA 

total axial force coefficient, axial 

force/qSj.gf 



CBU 


wing root bending moment coefficient, 
wing root bending moment/qSj.g£bp^,j 



CBL 


rolling moment coefficient in body axf?; 
system, rolling moment/qS^^jl^^^ 

outboard elevon hinge moment coefficient 
(see page 18) 


CHEO 





NOMENCLATURE (Continued) 


Symbol 

Plot 

Symbol 

Definition 

Cm 

CLM 

pitching moment coefficient corrected 
for base pressure measurements on the 
orbiter base, and body flap (see page 16) 

Cmu 

CLMU 

pitching moment coefficient uncorrected 
for measured base and body flap pressures, 
pitching moment/qSj.gf 

^n 

CYN 

yawing moment coefficient in the body axis 
system, yawing moment 

Cn 

CN 

normal force coefficient in the body axis 
system corrected for measured base and 
body flap pressures, CNU - CNBO - CNBF 


CNU 

uncorrected normal force coefficient, 
normal force/qSj.gf 

CNBo 

CNBO 

normal force component coefficient of orbiter 
base drag, -CPBq tan i^/S^-gf 

CNgp 

CNBF 

body flap normal force coefficient, 
-CPBBF cos Sbf^^^/Sref 


CNW 

wing normal force coefficient, wing normal 
force/qS^gf 

CPBbf 

CPBBF 

body flap base pressure coefficient, APgp/q 

CPBe 

CP BE 

tank base pressure coefficient, AP|^p/q 

CPBq 

CPBO 

orbiter base pressure coefficient, AP^Q/q 


CPBS 

SRB base pressure coefficient, AP^^/q 


CY 

side force coefficient (body or stability 
axis system), side fcrce/qS^^^ 

^hei 

CHEl 

inboard eleven hinge moment coefficient, 

/ ^ ^ -1 rk\ 
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NOMENCLATURE (Continued) 



Plot 

Symbol 

CTW 


‘lx 


LREF 

MACH 

MRP 

XMRP 

YMRP 

ZMRP 


M 

z 


Definition 

wing torsion moment coefficient, wing 
torsion moment/qSrefc 

axial force, lb. 

normal force, lb. 

wing normal force, lb. 

side force, lb. 
orbiter, base slant angle 
orbiter/ET incidence angle 
reference length, in. 

Mach number 

moment reference point 
moment reference point on x-axis, in. 
moment reference point on y-axls, in. 
moment reference point on z-axis, in. 
wing bending moment, in. -lb. 

wing torsion moment, in. -lb. 

rolling moment in the body axis system, in. -lb. 

pitching moment in the body (or stability) 
axis system, in. -lb. 

yawing moment in the body axis system, in. -lb. 
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NOMENCLATURE (Continued) 


Plot 

Symbol 


Definition 


freestream static pressure, psi 
body flap base pressure, psi 


tank base pressure, psi 


orbiter base pressure, psi 


SRB base pressure, psi 


total pressure, psi 
Q(PSI) dynamic pressure, psi 

RN/L Reynolds number per foot, multiplied by 10”^ 

for display 

REFS reference area, in. 2 


BFREFS 


body flap reference area, in."^ 


GREEK SYMBOLS 


temperature , F 

orbiter longitudinal station, in, 
orbiter lateral station, in. 
orbiter vertical station, in. 


ALPHA angle-of-attack, angle between the projection 

of the wind Xw " axis on the body X, Z-plane 
and the body X-axis; deg. 
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NOMENCLATURE (Concluded) 


Plot 

Symbo l Symbol Definition 

e BETA sideslip ang: - angle between the wind X^-axis 

and the proj* * ion of this axis on the body X, 
z-plane; deg. 

APgQ differential orbiter base pressure, psi; Pbo~**c<> 

APg£ differential external tank base pressure, psl; 

Pbe-p« 


AP 


®BF 


differential pressure measured at upper surface 
of body flap, psi; Pg^^ -Poo 


6 control surface deflection angle, deg. positive 

deflections are: 


A 

AILRON 

aileron 

port aileron trailing 
edge down 

'E 

ELEVTR 

elevator 

trailing edge down 

'BF 

BDFLAP 

body flap - 

trailing edge down 

»SB 

SPDBRK 

speed brake 


‘R 

RUDDER 

rudder 

trailing edge left 

'FD 

FLIPD'^ 

eleven flipper door deflection 


SUB SCRIPTS 

bf 

t>s 

t 

w 

ref 


tank base 

body flap 
orbiter base 

solid rocket booster base 

total conditions 
wind 

reference conditions 
free stream conditions 


INTRODUCTION 


r 


f 

f 


I 


i 

} 




\ 



;> 


During the ascent portion of the Space Shuttle flight, while the 
vehicle is in the earth's atmosphere, the three shuttle components, 
(i.e., Orbiter (0), External Tank (ET), and Solid Rocket Booster (SRB)) 
are joined together. Severe cross flows and shock patterns occur 
within this integrated vehicle to cause high Orbiter wing loadings. 
Experimental investigations were undertaken in the MSEC 14 x 14 inch 
Trisonic Wind Tunnel utilizing a .004 scale model to determine metho{ls 
which could be used to relieve the high wing loads. Several mid~wing 
spoilers, termed flipper doors, as well as O/ET incidence were studied 
during this test. Two Orbiter models were utilized to obtain data. A 
stycast Orbiter (model 77-0) with a balance mounted in tlie wing was used 
to measure individual wing loads. A stainless steel Orbiter (model 
74-0) with individual inboard and outboard eleven hinge moment gages 
was utilized to measure the control surface forces. The External Tank 
(mode 1 74-T) and S RB (model 7 4-S ) were stainless steel models. 

The tank of the mated vehicle model was mounted on tlie sting-balance 
combination. The right wing was balance mounted to the orbiter and will 
provide wing normal force and bending and torsion moments for part of 
the test and during the remainder of tlie test the inboard and outboard 
elevens of the left wing was balance mounted to provide lunge momonls. 
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CONFIGURATIONS INVESTIGATED 

The integrated vehicle general arrangement is shown in Figure 2a. 

Two separate Orbiter models were utilized during this test to obtain 
different load conditions. A stycast Orbiter (model 77-0) was instru- 
mented in the wing to measure individual wing normal force, root bending 
moment and torsional moment. A stainless steel Orbiter (model 74-0) 
was instrumented to measure individual inboard and outboard elevon 
hinge moments. Both of the above models were utilized interchangeably 
with a stainless steel ET and SRB (model 74-T and 74-S, respectively) 
to make up the integrated vehicle. Aerodynamic loads on the complete 
vehicle were measured by a strain gage balance (MSFC TWT balance 239) 
located in the External Tank and supported by a sting which exited the 
rear of the model. The Orbiter attached to the ET at three points 
simulating the forward attach point and two rear attach points, which 
are also the main fuel lines. The SRB’s also attached to the ET. 

The configuration designations for the models used were: 

Orbiter - (B62 C12 FIO M16 N28) (W127 E43)(V8 R5) 

External Tank - T20 AT16 AT17 AT18 AT68 (AT69) FL5 FL6 
FL9 FR6 PT12 PT13 PT14 PT2u 


Solid Rocket Booster - S22 PS7 PS9 PS20 


These designations are tabulated below together with the .appropriate 


> 




definition documents. 


Component 

Definition 

Orbiter 


B62 

fuselage ~ per VL70— 0002000B , 
202C, and 203 

C12 

canopy — per VL70— 000202C 

E43 

eleven, 6" gap - per VL7 0-000 200, 
00608, 006092 

FIO 

body flap — per VL70— 000200B 

M16 

OMS pods - per VL70— 008410, C08401 

N28 

OMS nozzle - per VL70— 008457 

R5 

rudder - per VL70— 000146A 

V8 

vertical tail — per VL70— 00146A 

W127 

wing — per VL70— 000200B 

Tank 


AT16 

attach structure, front ORB/ET - 
per SK-H-4011 

AT17 

attach structure, left rear ORB/ET - 
per VL78-000062B 

AT18 

attach structure, right rear ORB/ET 
per VL78-000062B 

AT68 

forward ORB/ET attach (io=»0°) - 
per LMSC dwg. R80084 

AT69 

forward ORB/ET attach (io=«1.5'^) - 
per LMSC dwg. R80084 


12 



r 




.L.,. 



i 

I 


f 



Component 
Tank (continued) 
FL5 
FL6 

FL9 

FR6 

PT12 

PT13 

PT14 

PT20 

T20 

SRB 

PS7 

PS20 

PS9 

S22 




Definition 


LOX feed line ET/ORB - per VL78-0U0062A 

LH^ pressure line ET/ORB - per 
VL78-000062A 

LH^ feed line ET/ORB - per VL78-000062A 

umbilical door fairing support - 
per VL78-000062A 

tank lightning rod - per VL78-000062A 


LOX recirculation line - per 
VL7 8-00006 2A 


LOX pressure line - per VL78-000062A 

LOX pressure line and electrical 
conduit - per VL78— 000062A 

tank - per VL78-000041C 


attach rings and rear structural 
ring - per VL77-000066 

electrical tunnel - per VC77-000002 

tie dovm structure - per VL77-000066 

SRB baseline - per VC77-000002 
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Additionally, the following Orbiter mid-wing spoilers were tested 
(see Figure 2e) : 

ZIO - full-span flipper door 
Z12 - inboard flipper door 
Z13 - outboard flipper door 

ZJ4 - inboard flipper door tested at mid-span position 
As can be noted in Table II, which is a summary of all configurations 
tested, several variations from the basic configurations occurred. 
Dataset 11 notes, for example, that the vertical tail on the stycast 
Orbiter sheered off during run 21 and was therefore missing on all sub- 
sequent runs on that model. At run 34 (dataset 21) the air gap that 
normally existed between the Orbiter wing and fuselage on model 77-0 
was sealed to see if such action affected the wing loading. Additional 
runs (datasets 22, 23 and 24) were made with a fairing between the 
Orbiter and ET in an attempt to reduce overall drag. These fairings 
were labeled F3, F5, and Fll and are shown in Figures 2f & 2g. Due to 
the model scale, the fuel lines were simulated by attaching the scale 
line directly to the ET surface. Several runs were made (dataset 35) 
where the lines stood off the ET surface and were only attached at 
several points to ascertain any difference due to the attachment 
procedure. 
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TEST FACILITY DESCRIPTION 

The Marshall Space Flight Center 14” x 14” Trlsonlc Wind Tunnel is 
an intermittent blowdown tunnel which operates by high pressure air flow- 
ing from storage to either vacuum or atmospheric conditions, A Mach num- 
ber range from .2 to 5.85 is covered by utilizing two interchangeable test 
sections. The transonic section permits testing at Mach 0.20 through 2.50, 
and the supersonic section permits testing at Mach 2.74 through 5.85. Mach 
numbers between .2 and .9 are obtained by using a controllable diffuser. 

The range from .95 to 1.3 is achieved through the use of plenum suction 
and perforated walls. Mach numbers of 1.44, 1.93, and 2.50 are produced 
by interchangeable sets of fixed contour nozzle blocks. Above Mach 2.50 
a set of fixed contour nozzle blocks are tilted and translated automati- 
cally to produce any desired Mach number in .25 increments. 

Air is supplied to a 6000 cubic foot storage tank at approximately 
-40^F dew point and 500 psi. The co. pressor is a three-stage reciproca- 
ting unit driven by a 1500 hp motor. 

The tunned flow is established and controlled with a servo actuated 
?ate valve. The controlled air flows through the valve diffuser into the 
stilling chamber and heat exchanger where the air temperature can be con- 
tro:.cd from ambient to approximately 180^F. The air then passes through 
the test section which contains the nozzle blocks and test region. 

Downstream of the test section is a hydraulically controlled pitch 
St tor that provides a total angle of attack range of 20^ (t Sc'a 

offsets are available for obtaining various maximum angles of attack up 
to 90^. 
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DATA REDUCTION 


All model forces and moments (measured by balance 239) were resolved 
in the body axis system and are presented in the form of nondimens ional 
coefficients. Data were corrected for weight tares and sting deflections 
Coefficients were nondimens ionali zed, as shown below, using the reference 
dimensions given in Table IV. 


MAIN BALANCE COEFFICIENTS 

, normal force coefficient unccrrected 
for base pressure forces. 

, normal force coefficient corrected for 
Orbiter base pressure acting on the 
Orbiter base and body flap. 

CA = ^A , total axial force coefficient, 

q^ref 

CAP = CA - CAB^ - CAB^ - CAB_ , forebody axial force coefficient. 
0 S E 


CNU = 

q^ref 

CN = CNy - CNB^j - CNgp 


CY * £y 

q^ref 


side force coefficient 


CLMU = 

q^ref^ref 


pitching moment coefficient uncorrected 
for base pressure forces. 


CLM = CLMu + CNBq ^ + CNbf ^ * 

"^ref ‘ref ref 

pitching moment coefficient corrected 
for Orbiter base pressure acting on the 
Orbiter base and body flap. 



T 


f 




r 


(D 


DATA REDUCTION 

MAIN BALANCE COEFFICIENTS (Continued) 


CYN 


CBL 


M. 


q^ref ’^ref 



q^ref^^ref 


CNBO = 


CNBF = 


CABO = 


CABS 


CASE = 




- CPB„ o tan ij, 

Oc D 

^ref 

^bf 

- CPB ref 


BP- 


"ref 


— CPBq o 
^ref 




- CPB _s_ 
Sref 




Where: CPBO = 


Sref 

5 - 

o 


CHBS = 


Pu P 

= ^3 - - 


P P 

b - - 


CFBE = e 


CPBBF - bf 


, yawing moment coefficient 


, rolling moment coefficient 


, normal force component coefficient 
of Orbiter base drag 


, body flap upper surface normal 
force coefficient 


, axial force component coefficient 
of Orbiter base drag 


, SRB base axial force coefficient 


, tank base axial force coefficient 


, Orb? ter base pressure coefficient 


, SRB base pressure coefficient 


, tank base pressure coefficient 


, body flap upper surface pressure 
coefficient 
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DATA REDUCTION 

MAIN BALANCE COEFFICIENTS (Continued) 


= 14° 45’ 

= 5.052 in. 

X 2 = 5.319 in. 

- 1.344 in. 

WING BALANCE COEFFICIENTS 


, average Orbiter base slant angle 

, axial moment arm for Orbiter base drag 

, axial moment arm for body flap 

, vertical moment arm for Orbiter 
base drag 


W 


W 


w 

q^ref 

^B 

W 


^^ef ^ef 


, wing normal force coefficient 
, wing root bending moment coefficient 


for YMRP @ = 105 in. 


M 


W 


w 


, wing torsion moment coefficient 


9^ref c 
for XMRP 0 X 


1307 in. 


ELEVON HINGE MOMENTS 


Outboard 


- HM 

eo eo 
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DATA REDUCTION 

ELEVON HINGE MOtTaJTS (Continued) 


Where : 



HK 


eo 

^®ref 


outboard eleven hinge moment coefficient 
outboard eleven hinge moment 
eleven reference area 


eleven reference length 


Inboard 


ei 


Where : 


HM 

ei 



^ei = inboard eleven hinge moment coefficient 
HM = inboard eleven hinge moment 



TEST J Ia-71 (TWT-610) 


MACH NUMBER 


TABLE I 


TEST CONDITIONS 


DATE : 11/1/74 


REYNOLDS NUMBER 
(per foot) 


DYNAMIC PRESSURE 
(pound$/sq. inch) 


STAGNATION TEMPERATURE 
(degrees Fahrenheit) 


5.0 X 10^ 

4. 35 

100 

6.0 

6.45 

100 

6.2 

7.36 

100 

6.4 

7.72 

100 

6.5 

8.14 

100 

6.6 

8.72 

100 

6.6 

9.29 

100 

6.7 

9.99 

100 

6.7 

10.68 

100 

6.8 

11.38 

100 

6.5 

9.47 

100 

7.0 

10.20 

100 


BALANCE UTILIZED: 



MSFC 239 
CAPACITY: 


ALCURACY: 


COEFFICIENT 

TOLERANCE: 


NF 

200 

lbs. 


+ 1.0 lb. 

+ 

0.15 

Sf 

100 

lbs. 


+ 0.5 lb. 

+ 

0.08 

AF 

50 

lbs , 


+ 0.25 lb. 

+ 

0.04 

PM 

197 

in. 

lbs. 

•f 1,0 in. 1 b . 

+ 

0.18 

RM 

98 

in. 

lbs . 

+0,5 in, lb. 

+ 

0.09 

YM 

50 

in. 

lbs. 

+ 0.2 in. lb. 

+ 

0.05 


CYVENTS: 

Accuracy based on + 0.5% of balance capacity. 
Tolerance based on q * 10 psi. 
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DATA SET/RUN NUMBER COLLATION SUMMARY 
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TABLE III. 

MODEL DIMENSIONAL DATA 

• 

MODEL COMPONENT : _ . BQPy - ! L- 

GENERAL DESCRIPTION itm p/n 

.^W:Pli I — Similar to lltQ A/b fuselaf r.e except aft body revised and 
Improved mtdbodv-vlnft-bQot fai rtny. Xq = Ql^Q to = 10Uf>. 

_MQDEL SCALE; O.OQ^ ^ 

VL70-(X)0140C, -000202C, 000205A, -000200B, -00020 3A. 

DRAWING NUMBER : 


DIMENSIONS •• 

FULL SCALE 

MODEL SCALE 

Length (IML: Pwd Sta. Xq*238),Ih. 

1290.3 

5*161. 

Length (CML: Fvd Sta Xo=235), In. 

1293.3 

-5-173 

Max Wldth(@ X,, = 1528 . 3 ), In. 



—1^056 

Mox Depth (@ Xy a 1464), In. 

250.0 

1.000 

, Fineness Rotio 

k.fiOQ 

*1^699 

Areo - Pt® 



Mox. Cross-Sectionol 

3hn-flfts 

0.0055 

Pionform 




T 
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TABU. Ill (Confd) 


/ 


MODEL COMPONENT : CANOPY - 

GENERAL DESCRIPTION ,CoDfln:uratlQnl>tQ c /d arbiter canopy. veh5cle 

/ 

cabin Ko. '^1 updated to MCR 200-Ri^. Used vith fuselaf^e 



MODCT, SCALE; O.OQl» 


DRAWING NUMBER VL70-000140C. »000202B, - 00020 k 


DIMENSIONS : FULL SCALE 

Length (X©* 643*578), in. 14^.357 

Mox Width (@ \ = 513.127), In. 152.412 
Mox Depth (Zq =501 to 449.39), In. 51. 6l 
Fineness Rotio 
Areo 

Mox. Cross-Sectional 
Plonform 

Wetted 

Bose . 


MODEL SCALE 

0.573 

0.610 

0.206 



T 
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TABLE III (Cont.d) 


MODEL COMPONENT pts pod - 

GENERAL DESCRIPTION • C 6 nflRuratlon IhOC orblter QMS pod - short 
pod. 


. J 


MODE!. SCALE: O.OQla) 


DRAWING NUMBER : VL70-OQ8Uoi. VLTO-Ooe^iO - plus added to 

simulate TPS 


j 

j 

j 

i 

i 

i 

j 

i 

j 

I 

i 

I 

i 

( 

1 

I 

! 


DIMENSIONS ; FULL SCALE MODEL SCALE 


Length (QMS Fwd Sta Xp=lUO. . Tn. 1 . 0 ?U 

Mox Width (@ Xq = 1511 ), In. — T _ Q.SU 7 

Mox Depth (@ = 1511 ) » In. 7^.70 0.299 

Fineness Rotio o hAli p.LBL. 

Areo - Ft^ ' • ’ 

Mox. Cross-Sectionol O.QOqU 

Plonform 

Wetted 

Bose _______ 
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MODEL C0t4P0NETrP: 


TABLE III (Cont'd) 
QMS H0ZZLE3 - Np^ 


GElfER/\L DESCRIPTION: fiftnflr nirnfMnn lLr>A/n n*.«,BATTlpe 


MODEL SCALE: 0.0040 


DR/^I.^[NG NUtdBGR: VT.70-000l40A (location^: SS-AO OIO 6 . RET.E/>.SE 

DII-O3I0NS: 

« 

M/vCU NO. 


Length - In. 

Gimbal Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 

Exit 

Throat 

Inlet 

Area - ft^ 

Exit 

Throat 

tiimbal Point (Station) - In. 
:U'i>pooc{IonclO( Left Nozzle 
X 

Y * 

Z 

Right 

>Lo5«r Nozzles 
X 

Y 
Z 


Mull Pt)sition * Deg. 
Left 'I poor Nozzle 
Pitch 

Yaw 

2icht 

Nozzle 

Pitch 

Yaw 


ORIGINAL PAGE IS 
OP P(X)R QUAUIY 


on. 

FULL SCALE 

MODEL 'SCALE 


• 





ISI8.O . 

6.072 

- fifl.o 


492.0 

1.068 

1S18.00 

6.072 . 

_ 88._0„ _ 

0.152 

402.0 

i^o^a 

i.;04q’ . 

1^®4q' _ 

12®17_' _ 

12°17 ' 

)5®49'_ 

15®40' 

l.?”l7' 
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■^ST NO. 


DUG. NO. VL 70 - 0001 .tK 3 C, -0002003 


01 PENSIONS: 


TOTAL DATA 2 

Area (*heo.) Ft^ 

Planform 

Span (Theo In. ' • 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees . 

Sweep Sack Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B. P.0.0. 

Tip, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
'W.P. of .25 MAC 
B.L. of .25 MAC 

EXPOSED DATA . , 

"Area (tneo) Ft^ 

Span, (Theo) In. BP108 

Aspect Ratio 

Taper Ratio 

Chords 

Root BP103 

Tip 1.00 b 

I 

MAC 

Fus. Sta. of .25 MAC 
H.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rocte-:ell Mod NASA) 
XXXX«64 

Root b ■ 

t 

Tlpb- 

2 

Data for (1) of (2) Sides 
Leading Edge Cuff « 

PUnforw Area Ft* 

Leading Edge Intersects Fus M. L. 0 Sta 
Leading Edge Intersects Wing 0 Sta 


FULL-SCALE 


2600.00 

9,^6. 

2.26S 

1-1T7 

0.200 

'•t.qoQ 

o.soo 

•^.000 

JiZiJIl 

Pen ■ «;P. 

..7204, 6SL- 
,, ,2.0^SL. 
iL2k^ 

lifts. on 
PoU.-ao 
2Sl.^/7 


0.113 

0.12 




■ ■aw.i.OD. 
.on 


MODEL SCALE 


O.cUn 

—■VJ V 

2.26S 

0.200 
n.soo 
- 0-500 
^.000 

Us .OOP 

OOP 

~£«3S.T 

^Ou552 

-Jusio-.- 

r> yon 
7.nn^ 

-£.£23 

-££223_ 
-iL2ll2 

p.pttfl 

-JUi21 

JlM 

■■L.L77 

1 .007 


OjLTi 

0.12 


2.000 

JuQX' 







u 


TABLE III (Ccwt'd) 


MODEL COMPONENT ELEVON - El^-^ 


GENERAL DESCRIPTION rann^ i.T-Atlnn ^Un^/n nrhlt^r elftvnnn. IhlBL 

are for one side. E).^ ia 6” F. S. slotted gap version of E yf. gars at 


Inboard end of elevon and at Y© ■ 


MODEL SCALE; O.OOto 


tmnFT. DRtwipr,i. 


sckhbea i^Ss llle & Space Co. 
'Huntsville, Ala<— 


DRAWING NUMBER 


VT.70-Qmp00 , -nnfrtop 



DIMENSIONS 

FULL SCALE 

MODEL SCALE 


Area - Ft^ 

-gin.o 



Span (equivalent) , in. 

-3ASL2 

— 


Inb'd equivalent chord , In. 

I1fl.00h 

-CLk 72 - - . 


Outb'd equivolent chord , In. 

— 




Rotio movable surfoce chord/ 




totol surface chord 



' 

At Inb'd equiv. chord 

CL20e£ 

-.,.Qa2096 

1 

1 

At Outb'd equiv. chord 

O.bOOU 

O.UOOU 

t 

1 

\ 

i 

Sweep Back Angles, degrees 



t 

1 . 

i 

1 

Leoding Edge 


♦^QjQQ 

a 

Trolling Edge 

- 10.056 

-10.056 


Hingeline 

0.00 

-JL02 


(Product of Area k e) 




Areo Momern (tlorirMpUerfiuigaMxflie) , 

Fti.I5flI.25 

-Q.QOI 

u 

Mean Aerodynamic Chord 

90.7 

0.363 
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TABLE III (Coni' d) 


MODEL COMPOrrENT: VERTICAL - V, 

GENERAL DESCRIPTION: COnfieur 

( <dentigal to configuration lUO 


MODEL SCALE: O.OOUO 

mAV/ING NUMBER: VL 70 - 0 Q 0 l Unp, -nooT_U^ 

DE'EI'ISIONS: 

% 

TOTAL DATA 

2 

Area (Theo) - Ft 
Planform 

Spaa (Theo) - In* 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 
Leading Edge 
* Trailing Edge 
0.25 Element Line 

Chords: 

Root (Theo) 

, Tip (Theo) VJP 

M/.C 

Pus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. Of .25 W»C 

Airfoil Section 

Leading Vedge .sngle - Deg. 
Trailing V.'cdge Angle - Deg. 
Leading Edge Radius 

Void Area 

Blanketed Area 


FlTTjT. SCALE MODEL SCALE 


10.000 


jum — 

■ ,Q. JtQ 4 — 

JlSJQQQ 


o.OQQ - 


IS 




TABLE III (Cont'd) 

MODEL COMPONENT: R5 - Rudder 

GENERAL DESCRIPTION: 2A and 3 configuration per Rockwell lines 

VL70-000095 and VL70-000139 
Scale Model = .004 


VL70-000139 

DRAWING NUMBER: VL70-000095 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area -- Ft^ 

106.38 

0.00170 

Span (equivalent) in. 

201.0 

0.8040 

Inb'd equivalent chord 

91.585 

0.36634 

Outb'd equivalent chord 

50.833 

0.20333 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 



0.400 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 

• 

• 

Leading Edge 

34.83 

34.83 

Tailing Edge 

26.25 

26.25 

Hingeline 

34.83 

34.83 

Area Moment (Normal to hinge line) 

fO 526.13 

0.00003 

Product of area and mean 

chord 



iJ 
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TABLE III (Cont'd) 


MODEL COMPONEMT : EXTERNAL T/ 


GENERAL DESCRIPTION 



MODEL SCALE: 0.0040 


DRAWING NUMBER : 


DIMENSIONS 


FULL SCALE MODEL SCALE 


Length, In. (Nose @X.|. =328.92) 
Max Width Dia, In. =975.675 
Max Depth , in. 


i!i£v9Q5- 


1-333 


Fineness Ratio 


L6571- 


Areo “ Ft*' 


Mox. Cross-Sectional 


605.534 


Major Cross section so4. 
WP of tank centerline (Z).I n. 400, 
Base (on 330.2 dia.) 5Q4, 


0.0096 


0.0064 


0.009* 
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TABLE III (Cont'd) 

MODEL COMPONENT: ATTACH STRUCTURE - ATi6 

GENERAL DP-SCRIPTION: Forvard orbiter/ET attach stnictxure (2 member structure) 


I 


MODEL SCALE; 0.0040 MODEL RAWING: SS-A00117 

DRAWING NO.; VL78-000062B, SK-H-»t011 


DI^^ENSIONS; 


MEMBER 

#L 




#2 


Diameter of members; (In.) 


FULL SCALE MODEL SCALE 

Xq 39*»-38 1‘578 


Yo 

0.00 

0.00 

Zo 

LVR ML 

LVR ML 

Xt 

1131.00 

4.524 

Yt 

561.298 

0.187 

Zt 

561.298 

2.245 

Xo 

39*»-38 

1.578 

Yo 

0 

0 

Zo 

LWR ML 

LVR ML 

Xt 

1131.00 

4.524 

Yt 

- 46.6 

- 0.187 

Zt 

561.298 

2.245 


5-70 

0.0228 




DDIEIBIOIvS: 

MEMBER 


FULL SC/iLP; 

MODEL SCALE 




1317 

5.258 




- 96.5 

-0.386 




267.5 

1.070 




2058.0 

8.232 




- 125.827 

-0.503 




515.5 

2.062 


#2 


1317.0 

5.258 




- 96.5 

-0.386 



2o 

267.5 

1.070 



Xj 

2058.0 

8.232 




- 125.827 

-0.503 




515.5 

2.062 

Dlaiteter of Members: 

II. 5 In. Dia. 

P.S. 




#2 15«5 In. Dla. F.S. 


3A 


! 


I 


t 

9 - 



I 


Si 

I 

»■ 
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TABLE III (Cont'd) 

MODEL CO:CONENT: ATTACH STRUCTURE - ATj^q 

GEN2R/.L DESCRIPTION; Right rear orblter/ET attach structure (3 mcEber 
structure) 

MODEL SCALE: 0.004 


DPAV.1IIGK0.: VL78-000062B, SK-H-^U)13 

DIMENSIONS; ' MEMBER 


#2 


#3 


Diameter of Members; (In.) #1 

#2 

#3 


MODEL DRAWING: SS-AOOll? 



FULL SCALE 

MODEL SCALE 

*0 

1317.00 

5.258 

< 

♦ 96.5 

+ .386 


267.5 

1.070 

4 

1672.0 

7.488 


+ 125.627 

+0.503 

4 

515.5 

2.062 


1317.0 

5.258 

^0 

♦ 96.5 

+0.386 


267.5 

1.070 

Xt 

2058.0 

8.232 

Yt 

+ 125.827 

0.503 

Zj; 

515.5 

2.062 


1317.0 

5.258 


54.40 

0.218 


19.30 

0.077 

Xt 

2058.0 

8.232 

Yt 

2.5 

0.010 

2 t 

567.6 

15.5 

11.5 

4.5 

2.270 
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TABLE III (Cont'd) 



MODEL COMPONENT: ATTy;CH STRUCTURE - AT53 

GENER/L DESCRIPTION: Forward ET/orbiter uttach, model, vertical 

single post attach member. 


J 




MODEL SCALE: 0 . 00 *^ 

DRAWING NO.: VL 78 - 000062 B 

DIMEIISIONS: 

FULL SCALE 

MODEL SCA.LE 


388.15 

1.553 

^0 

0.0 

0.0 

Zo 

LML 

LML 

Xp 

■■ 

4.520 

Yt 

0.0 

0.0 

Zj (Attach Point on Ihnk) 

565.1 

2 . 26 o 4 

Diameter, Inches 

15.75 

0.063 

Height of Member (distance between top 
centerline of tank and bottom centerline 
of orbiter). In. 

48.9 

0.196 
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TABLE III (Cont'd) 

MODEL COMPONENT; ATTACH STRUCTURE - AT^^ 

GENER/.L DESCRIPTION: Porvard ET/orbiter attach, model Jh-O, 

sin(ile post attach member. 


MODEL SCAXE: 
DRAV7ING NO.: 
DI1-IEN3I0NS: 


o.oouo 

VL78-000062B 


Yt 


FULL SCALE 
368.13 
0.0 
IM. 
1129.9 
0.0 


Zip (Attach Point on Tlink) 363 »1 

Diameter, Inches 13*7 ? 

Height of Member (distance betveen top center- 
line of tank and bottom centerline of 
orbiter), In. 2k. 






vertical 


MODEL SCALE 
1-353 
0.0 
UlL 

U.320 

0.0 

2.2604 

0.063 
0.098 


M 


r 

I 


TABUE III (Cont'd) 

MODEL COMPONE TT: PEEDUNE - FL5 

GENERAL DESCRIPTION: LOX feedline simulated between ET and Orblter. 


MODEL SCALE: 0.0040 


MODEL DRAWING: SS-AOOll? 

DRAWING NO.: VL 78 - 000062 B 




DIl-IBNSIONS: 


PULL SCALE 

MODEL S( 

Leading edge at: 

34. 

1033.3 

4.132 


\ 

70.0 

0.280 


X^ 

1033.3 

4.132 


Y? 

- 70.0 

- 0.280 

Trailing edge at: 

Xt 

2071.50 

8.286 


Yt 

70.00 

0.280 


Xp 

2071.50 

8.286 


Tt 

70.00 

0.280 

Diameter, In. 


18.80 

0.188 

Centerline of LOX feedline 

located radially 

at jZ) = 23®2U' 





38 





. ■ ■ I.- . . , I , 1 1 i i 1 \ 


TABLE III (Cont'd) 

MODEL COMPONENT: PRESSURE LINE - PL^ 

GEinCRAL DESCRIPTION: fbx. cross*sectlonaI area simulating LRg pressure 

line and electrical conduit box betveen ET and Orblter. 


MODEL SCALE: 0.00^40 

DRAVrrNG NO.: VLT8-000062B 

DIMENSIONS: 

Leading edge at: 

Trailing edge at: 


MODEL DRAWING: SS-AOOll? 

FULL SCALE MODEL SCALE 



1127.1 

U.508 

Yt 

110.3 

0.441 

% 

2062.1 

8.248 

Yj 

1x0.3 

0.441 


Centerline of LH pressure line located radially at ^ » 33®U5*. 






j) 


TABLE III (Cont'd) 



DRAWING NUMBER VL78-000062B 


DIMENSIONS . 

Centerline at X 
Mox Width 
Max Depth 

Diameter 

Areo 

Mox. Cross-Sectional 
Plonform 

Wetted 

Bose 


FULL SCALE MODEL SCALE 
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TABLE III (Cont'd) 




U 
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TABLE III (Cont'd) 


MODSL COMPONENT: ET PROTUBERANCE - PT^g 

GENERAL DESCRIPTION: Lightning rod attached to ET nose, 


MODEL SCALE; 0.004 
DRAV.'INO NO. : VL 78 -OOOO 68 A 

DIICNSIONS; 

Length 

Diameter, In. 


FULL SCALE 


30.90 


MODEL SCALE 
0.124 


0.013 
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TABLE III (ConVd) 

lODEL COt^NENT: ET PROTUBERANCE - 

GENERAL DESCRIPTION: Kaxlimuii cross-sectional area simulating LOX recirculation 

line and electrical conduit box on planform view of External Tbnk, T^q. 


MODEL SCALE: 0.0040 

DRA.WINGNO.: VL 78 - 000062 B 

MODEL DRAWING: 

SS-A 00117 


DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Leading edge at: 

Xqi 

. 1208.3 

*»-833 


It 

+ 95.0 

+ 0.380 


Xt 

1208.3 

4.833 


It 

- 95.0 

- 0.380 

Trailing edge at: 

XT 

2060.5 

8.242 


It 

95.0 

0.380 


Xt 

« 

2060.5 

8.242 


It 

- 95.0 

- 0.380 

• 


Centerline of LOX recirculation line located radially at 0 = 



1 


TABLE III (Cont'd) 

MODEL COMPONENT: ET PROTlffiERANCE - PT^4 

GENERAL DESCRIPTION; LOX jtressitre line on Tank Il20- 


MODEL SCALE; O.OOJ«) 




DRAWING NO.; VL78-000062B 




DIMENSIONS; 


FULL SCALE 

MODEL SCALE 

Leading edge at; 


355.90 

1.424 


Yt 

6.0 

0.024 

Trailing edge at; 

X.p 

2060.5 

8.242 


Yt 

87.0 

0.348 

Centerline of LOX pressure line 

located 

radially at 0 * 23 ° 2 U'. 
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TABIi: III (Cont'd) 

J40DEL COf^PONEHT: NOSE CONE LINES - PPgQ 

GENER/>L DESCRIPTION: Maximum cross-sectional area simulating the LOX 

pre:;Gure line and electrical conduit on top of external tank (TgQ) nose 
cone area. 

MODEL SCALE: 0.0040 

DRAWiriG NO.; 


DB-EKSIONS: 


FULL SCALE 

MODEL S( 

leading edge at: 


360.92 

l.kkk 


Yt 

34.0 

0.136 

Trailing edge at: 

Xt 

955.1 

3.820 


Yt 

336.5 

1.346 

Centerline of lines located 

radially at 0 s 

33°45*. 




r ! 

[ ■' i ’ 

[ ,- I i 

t f 

I ^ 
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TABLF III (Cont'd) 

MODEL COMPONENT : BQOSTKR SOLID ROCKET MOTOR - 

GENERAL DESCRIPTION • T he BSRM is an external propulsion system whic h 
is jettisoned and recoverable after burnout. The BSRM*s can be refur bished 
and reusfid after recovery. 

MODEL ;>CALE: O.OOAO 

DRAWING NUMBER . VC77-000002C . VC70-000002A . VC72-000002C 


DIMENSIONS ; 

FULL SCALE 

MODEL SCALE 

Length , In. , 

- 1789.60 

7.158 

Mox Width, Tank Dia., In. 

U6.00 

0.584 

Max Depth , Aft shroud dia.. In. 

208.20 

0.833 

Fineness Rotio 

• 

Areo - Ft2 



8.596 

Mox. Cross— Sectionol 
Plonform 

Wetted 

Bose 


Q-0Q'<8 

WP of BSRM centerline (Zj) 

400.00 

1.600 

FS of BSRM nose (Xf) 

743.0 

2.972 

BP of BSRM centerline (T<j>) 

250.5 

1.002 
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TABLE III (Cont'd) 

MODEL COMPOIIENT: SRB PROTUBERANCE - PS^ 

GENERAL DESCRIPTION: SRB/EIE attach ring: two attach rings and one structural 

ring. 


MODEL SCALE: O.OOUO 

DRAWING NO.: VL?7 -000066 

DIMENSIONS (DATA FOR 1 OF 2): 
Centerline at Xb 


Width 

Heigth 


FULL SCALE 
1505 

1517 

1852 

10 

10 


MODEL SCALE 
6.020 
6.068 

7.*t08 

O.OtjO 

0.040 



7 


I 


1 


i 

i 


.]> 

TABLE III (Cont*d) 

MODEL COMPONENT: Tie -DOWN STRUCTURE - PS-^ 

BESCRimoU: m.-4ov„ lugs on shroud of solid rochet hotor booster. 


MODEL SCALE: O.OOU 

DRAVaNG NO.; VL77-000066 
DUffiNSIONS: 

Number of tie-dovn lugs 
length. In. 

Width, In. 

Max. Height (at T. E.) 

Angular position (from vertical). Deg. 


PULL SCALE 

MODEL SCALE 

h 

4 

6k. 00 

0.256 

13.00 

0.052 

0.33k 

0.033 

60 

$ 

60 
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TABUS III (Coni' d) 

• W • 

MODEL COMPONENT : SRB PROTUPERAWCE - P3?Q .._ 

GENERAL DESCRIPTION • Electrical tunnel on S RB side, 30 dog, tapor 
leading edge, circular cross section with mounting flange. Tunnel 


DRAWING NUMBER 


VC77-000002A 


DIMENSIONS : 


FULL SCALE MODEL SCALE 


Length > In. 

Max Width 

Max Depth 
Radius 
Fineness Rotio 

• 

Area 

Max. Cross-Sectional 

Plonform 

Wetted 

Bose 

Taper at leading edge, deg. 


138A.57 




0.619 


30 


5.53g 


0.05: 

0.015 

0.619 


30 
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TABLE III (Cont'd) 

MODEI» COMPONENT: SPOILER - Z^q 

GENERAL DESCRIPTION: Eleven flipper door spoiler. 

I 

MODEL SCALE: O.OOto 

DRAVING NO.: NONE 

DIMENSIONS: 

Inboard Station: 

Leading edge @ Xq 
T railing edge @ Xq 
T railing edge @ Yq 

Outboard Station: 

Leading edge @ Xg 
Trailing edge @ Xq 
T railing edge @ Yq 

Split line, Yq 






TABLE III (Cont'd) 


MODEL DIMENSIONAL DATA 


MODEL CO^TONE^^T: SPOILER - Zj.2 


GENERAL DESCRIPTION; Elevon flipper door spoiler • loboard. 


MODEL SCALE: 0.0040 

DRAVriNG NO. : NONE 


DIMENSIONS: 


FULL SCALE 


MODEL SCALE 


Inboard .Station: 


Leading edge Xq 
T railing edge © Xq 
T railing edge © Yq 


1366.37 

1401.57 

126.06. 


0.504 


Span 


186. 4t4 


0.7A6 
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TABLE III (Cont'd) 


) 


MODEL DIMENSIONilL DATA 
MODEL COMPONENT: SPOILER - Z 13 

(ENERAL DESCRIPTION: ELevon flipper door spoiler - Outboard. 


MODEL SCALE; 0.00£^0 
DRAWING NO. : NONE 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Outboard Station; 



Leading edge ® Xq 

1366.37 

5.465 

Trailing edge @ Xq 

1395 . 8A 

5.583 

Trailing edge @ Tq 

U50.8 

I. 8 O 3 

Span 

138.30 

0.553 



i 


1 ^ 

r — ^ 

t i 

i ■ 





TABLE III (Cont'd) 

MODEL DIMSMSIONAl DATA 
MODEL COMPONENT; SPOILER - 

GENERAL DESCRIPTION: Eleven flipper door spoiler - Inboard (Midspan) 


MODEL SCALE; 0.0040 
DRAWING NO. ; NOME 
DIMENSIONS; 

Inboard Station: 

Leading edge @ Xq 
T railing edge Xq 
Trailing edge 9 Yq 

Span 


FULL SCAIE MODEL SCALE 


1366.37 

1401.57 

219.06 

186.44 


5.465 

5.606 

0.876 


SLJJJl 



TABLE IV. - O.OOA-SCALE I NTE GRATED VEHICL E 
REFERENCE DIMENSIONS 


PARAMETER 


Reference Area. 
Sref (wing) 


»bf 


ref 


S 


^ref 

Reference Lengths 

c (m . a . c . ) 

^ref (body length) 

^ref (wing span) 

Longitudinal tank station (XMRP) 
of moment reference point, Xx 

■c 

e 

Base Areas 


Orbiter (A^, ) 

Tank (Au ) 
e 

SRB (A. ,2) 

' s 


FULL SCALE 


MODEL SCALE 


2690.00 ft.^ 

6.198 in . 

142.60 ft.^ 

0.329 in. 

210.00 ft.^ 

0.484 in. 

474.8 in. 

1.899 in. 

1290.0 in. 

5.160 in. 

936.7 in. 

3.747 in. 

976.0 in. 

3 . 904 i n . 

90.7 in. 

0.363 in, 

436.7 ft.^ 

1.006 in. 

597.6 ft.^ 

1.377 in. 


2 

2 


472.8 ft. 


2 

2 

2 


1.089 in. 



Figure 





Launch Vehicle Model (Balance in Tank, Straight Strng) 
Figure 2. - Model Sketches. 








Eleven Flipper Doors 




Orblter Nose Fairing, and Flow Deflectors 
Figure 2. - Continued. 



Orblter Attach Structure Fairing, 
Figure 2. - Continued. 





Figure 3. - Model 77-0, 74-TS Installed In MSFC TWT 


















FIGURE 5 EFFECT OF FLIPPER DOOR CCWFIGURATION ON ELEVON HINGE M0MENTSC74-0TS) 
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FIGURE 5 EFFECT OF FLIPPER 

(F)ALPHA = 4.00 
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FIGURE 7 EFFECT OF ELF 
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FIGURE 8 EFFECT OF FLIPPER DOOR OEFLECTION ON WING LOAD (77-0,74-TS) 
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FIGURE 8 EFFECT OF FLIPPER DOOR DEFLECTION ON 

ADAlPHA = - 6.00 
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FIGURE 8 EFFECT OF FLIPPER DOOR DEFLECTION ON 
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FIGURE 8 EFFECT OF FLIPPER GOOR DEFLECTION ON 
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DEFLECTION ON WING LOAD (77-0.74-TS) 
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FIGURE 8 EFFECT OF FLIPPER DOOR DEFLECTION ON WING LOAD (77-0.74-TS) 
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FIGURE 9 EFFECT OF ARBITER INCIDENCE ON WING LOAD 

CAD ALPHA = -6.00 
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FIGURE 9 EFFECT OF ORBITER INCIDENCE ON WING LOAD 

(B)ALPHA = -4.00 
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FIGURE 9 EFFECT OF ARBITER INCIDENCE ON WING LOAD 
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FIGURE 9 EFFECT OF ORB I TER INCIDENCE ON WING LOAD 

(E)ALPHA = 2.00 
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FIGURE 9 EFFECT OF ORBITER INCIDENCE ON WING LOAD 

(F)ALPHA = 4.00 
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FIGURE 9 EFFECT OF ORBITER INCIDENCE ON WING LOAD 
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FIGURE 3 EFFECT OF ORBITER INCIDENCE ON WING LOAD 
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figure 9 effect of orbiter incidence on king load 




NlK2t9 



MACH NUMBER 

FIGURE 9 EFFECT OF ORBITER INCIDENCE 0N WING LOAD 
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FIGURE 9 EFFECT OF 0RBITER INCIDENCE ON WING LOAD 
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FIGURE 9 EFFECT OF ORBITER INCIDENCE ON WING LOAD 
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EFFECT OF ARBITER INCIDENCE ON WING LOAD 
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FIGURE 9 EFFECT OF ARBITER INCIDENCE ON «ING LOAD 
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FIGURE 9 EFFECT OF ARBITER INCIDENCE ON WING LOAD 

(G)ALPHA = 5.70 
















MN3 *iN3I31dJ3rO 30y0d HVWaON 9NI« 


FIGURE 10 EFFECT OF FAIRING ON WING LOAD 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 









FIGURE 10 EFFECT OF FAIRING ON WING LOAD 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 

CB)ALPHA = -4.00 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 





FIGURE 10 EFFECT OF FAIRING ON WING LOAD 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 

(G)ALPHA • 5.70 





FIGURE 10 EFFECT OF FAIRING ON WING LOAD 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 

(P)ALPHA = 4.00 
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FIGURE 10 EFFECT OF FAIRING ON WING LOAD 
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FIGURE 11 EFFECT OF FLIPPER DOOR CONFIGURATIOR ON WING LOAD C77-0.74-TS) 
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FIGURE 1! EFFECT 0F FLIPPER DOOR CONFIGURATION 
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FIGURE 11 EFFECT OF FLIPPER DOOR CONFIGURATION ON WING LOAD (77-0.74-TS) 
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FIGURE 11 EFFECT OF FLIPPER DGOR CONFIGURATION 
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FIGURE II EFFECT OF FLIPPER DOOR CONFIGURATION 
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FIGURE 11 EFFECT OF FLIPPER DOOR CONFIGURATION ON VING LOAD (77-0.74-TS) 
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FIGURE 13 EFFECT OF FLIPPER DOOR DEFLECTION ON 
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FIGURE 15 EFFECT OF FAIRING ON VEHICLE AXIAL FORCE 
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FIGURE 15 EFFECT 0F FAIT -'G 0N VEHICLE AXIAL FORCE 
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FIGURE 15 EFFECT OF FAIRING ON VEHICLE AXIAL FORCE 
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FIGURE 16 EFFECT OF FLIPPER DOOR CONFIGURATION ON VEHICLE AXIAL FORCE (74*CTS) 
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FIGURE 16 EFFECT OF FLIPPER DOOR CONFIGURATION ON VEHICLE AXIAL FORd I74-0TS) 
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FIGURE 16 EFFECT OF FLIPPER DOOR CONFIGURATION ON VEHICLE AXIAL FORCE C74-0TS) 
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FIGURE 17 EFFECT OF FLIPPER DOOR CONFIGURATION ON VEHICLE AXIAL FORCE (770.74TS) 
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FIGURE 17 EFFECT OF FLIPPER DOOR CONFIGURATION ON VEHICLE AXIAL FORCE C770.74TS) 
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APPENDIX 


TABULATED SOURCE DATA 


I’iocted data are available from 
Data Management Services on request. 
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